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(54) OFDM COMMUNICATION UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate distortion in a received 
signal due to fluctuation in multi-path fading in a propagation path 
by using a very small amount of pilot symbol and to reduce a 
propagation path estimate error due to noise. 

SOLUTION: An FFT unit 102 applies Fourier transform to a received 
OFDM signal in this OFDM communication unit, a selector 104 
selects a pilot symbol and a frequency response estimate value of 
the propagation path is calculated by using the pilot symbol and a 
reference pilot symbol. A waveform shaping filter 106 applies 
waveform shaping to the estimate value to suppress a noise 
component included in the estimate value. A propagation path 
inverse filter generator 1 09 obtains a complex coefficient from the 
output of the waveform shaping filter to compensate a phase 
rotation and an amplitude fluctuation in each sub carrier to store it 
to a register. A complex multiplier 108 applies complex multiplication 
to the complex coefficient and a received OFDM signal so as to 
compensate multi-path fading fluctuation distortion of the received 
OFDM signal through the propagation path and to demodulate the 
OFDM signal. 
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tf^^o LPF 6 0 6{i. xMt^mco 0 ^^m^m^ 
^<omi&^^^(D^^m^^^y >( ji^^xh^ . mii 

fi. LPF 6 0 6(^iiia^^55'i7)-^<i:/cCS;dS^ LPF6 
0 1 ^fl^^;65M?tCSo HPF 6 0 7f^. XMt^mcO 

0 ^^n^m^^<onw^WL'^^(o^^m^'t^y ^^^^ 

■Cfe*?. tB;'jfiHP F 6 O 7<7)3lii«c^5><7>;^^?fcS 
H P F 6 0 3 i: (^^.^^5^/.^ So 
[0 0 8 9] ±IE«^SrW-rs:7^>ru>5?j;ij:S& 
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m^&^ft^^m'^im^. LPF60i(!rt5 -:^(dh p f 

^m'^m-^. LPF6oi{:ij;o"c. MmmM^^(o^ 
"fi^^-^ 6 0 2r-<t*^^;d^ 1 -om^ \^r^3\^^nm-^/^ 

'rv^J?^-^^^ 6 0 2(DM®JC:LPF 6 0 1 |r*5l^ 
[0 0 9 0] ^ 6 0 2T*rfl§l;0^n/cft-^fi. S 

t^L PF60icbHPF60 3 o^tt^'^t- A;':; ^ tl> 

L p F 6 0 1 x\x^ mw^^. MnwLm^'^tmm^ 

[0 0 9 1 1 —-)5. HPF 6 0 3 i;iA;^$ttfdt#fi. 

6 0 2l:iJ: frp 1 oBti->ff-^;^;65p^5|7i,.ti. r CT' 
\^^h\c2^^^o:>y >{ ^<^:y{; -^h)^ti^f\.^o 2^ 
@:7^/Ui$'y<>'^<7:>9'^HPF 6 0 3 ta;^^c:ov^T^i. 
3lS:S<7:>>'-^/^i5'^^>:^^{-*5v^r. l p f 6 o i ffiijco;^- 

HP F{IIJ(7>^Sf^ff^n?i^V\ 
fi, HPFftiJ^55'^S«^^iC^^L/<^v>;rc^T*fc^o 
W±coj;5t-x A;^^t-^(*. fl?«f:7-</u^{r j; *9^i>Si& 

(0 0 9 2] fi?^>^-</u^-e:5>S'J^ixfdf^0 9"fe. ^ 
«^■Cfflv^5^fa;^)5jK'&:7^/^^$'-^A;^S^^. ffW^r* 
fflv^;iv^^t^^cov^T^i. Wip'o t;^ 0 ff 6 0 At^m^ 

«b*xSo «?W^^/^^c^3SST*55'S'J$nfc7^v'^-i5' 
6 0 2 |li;^j^5>fl. >f >^i$'3Ki^-i5'6 0 5t;iA;^)**x. 
^m^^oKt-OjJSjfASjx-So 0;^i5|fA$tt;^m^^ 
(1. L P F 6 0 6 {;i J: «9 . HP 

Ffiij(7)om-^i:m-^^st-snat$n. ^^^(dwvv % 
10 0 9 3] m^^y 2SB-eji. wxf^i^^yi^i^ 

— 1^ 6 0 5{Z:}o\,'*X^it'^J^(Dmi^0^*^mX^n. HP 
F 6 0 7T% fSiijS^5>56^l^**n. LPF 6 0 eta;'^ 

m-§-;^S8;^*n»sn. i®S(z>lpf e o ewjo^ 
e 0 6^tA:t}^ti. iK^:7></u^ 3Sg 

[0 0 9 4] C(7)J: 5?t^:7^/^^^#tt^^-r5'^/^5^^' 
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m\^^xmmmmmmi:rrtj:o^ticx^. mmnm^^i: 
x\ ^^iEm^j:Bmm<Dmi&^jt^^^»m'r^^t^'^x 

[0 0 9 5] imm(Dmm3) :^mm(Dmm{zgh^ of 
«(z>«^** x^xio ^ . m^mma^m i o e (^fit»:7- 

y oi^^ (DFT : Discrete Fourier Transform) 

[0 0 9 6] Sir. ^mm(Dmm\^^^^ oFDummm 

^5OFDMffljtS^Bt-*5it6K?l^S?i^*0iai 0 6 cost 
[0 0 9 7] EI9Ji«ISji:>^-y ^^^S:fflv^7t>^-</^^ 

8 0 1 (Dmf$,mxh^. mny-v ^mi^9 o i xxti 

m-^^-V-^yO hiz^mi.fz^k. ^i^^i??i^5>^r;^ :y h 

mmmy-v :^mm9 0 3i:m\^^xnxfm-^^mf& 

[0 0 9 8] m9(DAt}m-^xh^G^m<D^^wjt^^ 
m&mt.. mwcy-D =^^i^?is9 0 i^tA:f:)^ti. y 
-v=^^m^ti^o y-v:^^m:^tiftmi&9km^m'^ 
mn. ^mm<Dmmmmmm::^i=^yr^yi^mmm. 
^mmmmmmy'^yr^^\- (E12 (a) ) tijm^^m 
^ m2 (b) ) t^>^^ntcm^i:mLx\^^^ m2 

(C) ) c 

[0 0 9 9] |g9cODFT 9 O 1 tilJ; «9 # fstt^illS^ji 

6^(D^x:h^mm^m(Di^^fj:m^(Dm'^i:om'^9 o 

2{ce#^;t, 0 2 (e) Hl^-T J; 5 tCjIiPfiK^^^WlE 
( I D F T : Inverse Discrete Fourier Transfer 

m) s&9 0 3icj;fr}. wxj^mi&^mi&-^t^»:^n. m 

[0 10 0] )ii±(DXoi^. mmy- V =^mmMxmf$, 
ix-f. \^^^hm=^fi^^^^^'t^(ox. x^iEm^j:Gm 

^-r^zt^^^x^^o 

[0101] :^mm(Dj^m{cid\^^xi^. m^mmmmi 
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Tvsds. jfeiF^SEJi^toai 0 6(ci«3g7-y3i^m (F 

FT : Fast Fourier Transform) T/i'=^V XA^jSffl L 

[0 10 2] :^^mf'i±mmm(Dj^miA>bmm<Dmm 

[0 10 3] z<Dm-^. 0iJ;t«, 
/-ff ffl V ^ T ^ii ¥ a ff Jfe o r {4 IH] te ft s. t>* 

V ^ T 4sic{4fi-r s i^- y 5^ -y ^/Kc o I, > Tfitffi mtesx tJ« 

t;4S-e#/il/>r r S "9 /<C^^^f|55)■ 

^<75j;5i::LT. ^rffi^lS^ltStWffi 

[0 10 4] *^eg©oFDMia<tiiatt. f^'v^^/i^ 
[0 105] (mm(omm 4) :^mm(ommicm^ OF 

tici:i5, ^■^■:ff-^^/u(D^mm^-&ni^x^xmm 

[0 10 6] liXT. *:||JScD)^fi(C#5 0FDMii{ti^ ^tf 

B^;lo^^-cIft!«•r5o laiof*. ^%m<o^m(omWi4 

HT-foSo /£*3. ^?ffc(-APx.;fcm-^iai?*iJ5tlH]i^l 3 1 
0 ir-feu^':? 1 3 1 1 ti^cDfflS^i'ttllJSroJi^lil 

*iJ^lHlKi siot-feu'^'^isii icov>-c!ftiq-r 

[0 10 7] ISSf^gLSSl 3 0 5tcJ;tJ»mSnfeJliS 

^Jt^¥ti^<i:f47 ^- /u^' y i^^fmm i 3 o e , m-^aK 

*ij;eiali^l 3 1 oaof-irw^^' 1 3 1 l'^A;'3^4^So 50 
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ft -f-fpSipJieiilK 1 3 1 0-Ctt, A;^$ttSjgjte®:lj;«: 

[0108] la 1 1 fi, ft-^iaHfij^diBS 1310 (om 

1 3 1 oti, \ 3 0 5(±i;^-C3bSil!$«5cr£::«: 

[0 1 0 9] H 1 1 S:#flSL7i^5e>> rro#-t^7'5^-^4'^ 
/K^fil*iM*fflv^fcm#p°pKi|^J5£lH]ES 1 3 1 o^co^^T 

gS 1 4 0 1 {c:*^v^T#i^:?'f=•■v^-'^»^-«||effiV" ( i ^ 

(iW^SSSl 4 0 2(;i*3V^-r, Eili: l 4 O 3 t (Z)it«{;45fT 

3 i '9:*:§;^^y{|v^$^^;!l»4r^•r^f■^*s•feu^^' 1 311 

[0 110] -feW^^ 1 3 1 l(i. lai 2(C^f 

<t5f-«^^?ttTV^f., •feU'^:*' 1 3 1 1 (cA;^$n5 

{f-^ll. ^^-/L-^ y ^'^ftiSi 3 0 6 (cj; 0 :7>f y 
:/^/$nfcilJ^^t£;ig^ffi*fiSi:. i 3 0 5« 

mt)x^^mwL^)t-^m'&mt . m^s,^n-&^i 3 1 

0(Dtt};'3-cfc5ft#fp|f*iJ:fe««t?fc5, -feu^^is 

IK*. i^-yf^^^/i^^fOJJ^'f' s/^l 5 0 1 -C-ffit^^ 

tt^X^^t^.. «-^p"pK*J^1t«c.ffi(cJ: "5 :7^'/u^fti 

[0 111] :z.<om^7^-t-^\^^ f 1 3 1 Hi, 

'^■:^=^^^^ji'^mttm^:^^ 2/^15 0 1 ^iSBLTv> 
A;^)^n.5#{t-^755ii:?iJjcA;'3$tLS^-g-(*, El 
1 3roj; 0 (-1^ Cx^ s/^ 1 6 0 1 J6S•!^y9"•Y^''^SclEl 

[0 1 1 2] mi 2icm'0. yf^-l 5 0 \ <r>d^fiX 

>f/Wi?^fiK«Si 3 0 9 (iaio#B8) '^A;^)$tt, eufi 

SSoiS^tS^ig^s^a^tt;^^. mM^%^\ 3 0 8(c*3 

[0 113] 3|c^Jtero?i^^T-(i. {t-§-,a®*iJ5tIeI 

SSi 3 1 0(r*iit-5BafiSl 4 O 3(ilor-t.. IS^fcS 
5*>*>P>^MK)loSri®*^-Ct'5i5«-L.-Ctav\ * 

fc, PIMl 4 0 3(7)'fit^, S^t9 5?5foSV^(41S^ 
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[0 1 14] (mm(omm5) :$:mm<Dmmi^m^oF 
«^^*L, m^s,mm&mmi a i o(D^n^mt u 

[0 115] S>XT. *SIJi©Ji0tel-^-5OFDMiim3S 
td^SOFDMiift^B^Jft-^Sir^lJ^lHlKl 3 1 OO 

[01 16] m-^fiiM*IJ^IlISS 1 3 1 0 (4, i^iSSi^:^ 
*iJ:£SrtT/j;5 tOT?fc5o (t#fi.a*iJ3eiilK 1 3 1 0»i 

[0 117] SCI±l^n7hfl;;^)ffi(4. it'lj^^l 7 0 2{C*3 

v>T. PdHfii 7 0 3 titise^ix. A;'3^t•^w#■»^>^^^ 
*/i^m;'3ffi;!i5BSffi 1 7 0 3 ii.^-k^\i^1i^>\^^\^t>^mi-t 
ft-^^s-feu^'^' 13 11 (mi o#fi8) ^i±):/3$nSo 
[0 118] r(^)J; 5)l-jgj^mJJ;^g:*ii£ttco-!^yf^-Y^^ 

[0119] :^m:m(r>mmx\t.. ■ft-^aKWi^iii 

gSl 3 1 OdioltSBBflt 1 7 0 3«1 o-et, 

5*>*»"b^M(Dlo<Sril*^-C-#S<t9SCL-C'b^V\ * 
Bifitl 7 0 3coiiaSr, y KS5i9^foSVM±«^ 

[0120] (HJiEofl^ffie) *^i6S(Ofl^^t;i^SOF 

ffltfigsr* ft-§-a®*ij:eiHiK 13 10 <K>mmfEm.t l 
[0 12 1] UT. ^mm(Dw^m\^m^o-F-DMmn^ 
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(C^SOFDMiiftS^Bwm-^falfililJJtlHlgSl 3 1 0(7? 
[0 12 2] m-^D"p«*IJ^IiI8S 1 3 1 Ott. j^jSifcJC^ 

[0 12 3] m-^iaawsiass 1 3 1 of,z.Kt3^i^\.ii.m 

JSi6:j£;«*fl3tffi(4. 1801. 1804 f;i 

fc•v^•rl^tifig^>, ii:3!ffiKi>S:34l£tc. #l>-:/^^j^/ufe 

[-mmm.. 1 i i , 1 q 1 ^sasta^nso i « 
i^tsiEK^}- (nas) . Q\t.m.^j&^ mm) sr^-r, 

^?tLfc«ti«l»4. n^mi 8 0 2. 1 8 0 5IC:feV^T. 

BBffil 8 0 3 tJt«E$4x> xti^^oy^m^^. m.'St^ 

^^ix^'ix<Dm%m.-i)mm. \ 8 0 3 J; i9:*c#v>Avh$VA 
ii^^^-rm-^-is-feU'^^' 13 1 l-^ttl;'3$4xSo 
[0 12 4] 5tcJliS«feJ£:«:«l3£fii:<of-y^-v^ 

wtv{iJ;o-C^S[«]C£;«:«;£JWaES:|6]±$*'5C t 

[0125] *iiteoj^«g-t?(4, m-§-aic*iJSiH] 

BSl 3 1 0{c*Jt1-5Eaiitl 8 0 3«lot"t>, Wkthi> 
5^b*»^^Moio2raS^-C#5J; ^i-LTtftVo * 

tz. iSffil 8 0 3(Z)M*. ^^^-y h^'9^fcSVM4«IS 

[0126] (IIJScDJi^tii7) *^liS©?Kffi|r^2>OF 

DMoimiiiBtt. s*6<3(c(4i2i otr^-rs^siifntro 
«fife«r*L. ■ft-§-fpK*ij:£iiiKi"3 1 o<omimm.t L 

t ffl u ^ 5 )t «)^ 3t*»aE Sr $ e> 161 ± $ -a: 

[0 12 7] tJlT, *:^JE<^JI^flg(''eSSOFDMiiffi$l 
g^co^^TiftP^•t•-5o mieti, 2|s:^ig(7)|llS(Z)Ji^flg7 

i;i^«>oFDMjiftsia»m-§-iaesi'ij!eiiiKi 310© 

Ki 3 1 0(4. ;ijs^jc£;^*t^tt<^#f-^^-^^^^Kot!s 
mL.yt^KSrfflv^•cs:(t^t#fp'i^4^J;£^^^Tite 5 tw-cfo 

[0 12 8] <t-^p°p«*iJ5eiH]BS 1 3 1 OtcA;^^^^^ 

i6i^j^:««t;^ffif4, mmmw-m^^i 901 ic*3u>t. 

•«^y^^^>'^»^c^g*iffiV (i^+qZ) i,m^^ir^Z>, 
Sr^-r. »ttl$nfcM*ifiItt*iJ;£llIKl 9 0 9. iliiSt 
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1 9 0 2RXJ^m»Sl 9 0 3^At}^tl?)o 

[0 1 2 9J ji^^lf 1 9 0 3-C(i, ms.-r^^-:f^^}) 

ti^fl^, ite»ffi»ai0!iS 1 9 0 4 T-«, «SI?S19 0 

z(Dmts(Dmnm.*^'M-m^n. iiMSf i 9 0 5s.t/Jtt!j 

^\ 9 0 Q^Ktl^iCX^^. iti2§§l 9 0 6-C'(*. 10^ 
v^*-<^{e^5*iJ^lElSS 1 9 0 7-^m;;'3$tiSo *iJ^lHl8gl 10 

[0130] fiJ^lelSS 1 9 0 9 T-(i. ^JfecOfl^ffi 4 1 1^ 

md, xf3^M^u^m^m\^i 9 i o ifp t:'ctv^75^ 

/h$v>7l»/!)SW*^iXv -ew^S^/JSjiMSSi 9 1 I'^A;^ 
$tt5o iBMSSl 9 1 iro®M^Wttl^i:i^>^^^r^>'i' 
^ifiJ^-rSTtfeW, !|iiJ^|Elggl 9 0 7cOttl;'3i:jl3S^l 

9 1 1 t /JJp^tc^aWlHliSS 19 12 '^A;'? 

10 1 3 u vsswmx 9 1 2 nut.tti^'^-zr^ 

S-9-:/^-v^/K7?fi|itiI^5Biffil 9 1 0 J;'9;'<:t<, ;i^o 

BBfili 9 0 8 J: t) t'^S^^^&■&;4Sfpl^<oa^^1^:/^■v^ 

gm<t-^B°pKW« (2M) /J5ttl;^$^xS<, 
[0 13 2] ^CDJ; 9l-J^JS^lS«:«l^tt®i^::^^-r^^ 

[0133] ^t4b\ 3|i:|M6cofl^!ilt?tt, (t-^AIC*iJ«llI 
ggl 3 1 OtrJott-SBItti 9 1 O&TJ^BBilSl 9 0 8(i-e 
ix€*xio-c->b, «t!cfo5 5t;<>^'bFfa<^lo^il*^-r- 
i^Si ^f-UTtAv^ *)t> #RI{tl 0 1 0, 190 

[0134] mm(r>mm 8) :^mm(r>mm\cm^ OF 

fflffiKSr, ft-§-fi,IC*iJ5£lelK 1 3 l Ofi, 

mi 6iz.7f^i-^mk\s\m<Dm0&^^i^. m-^&wm'^^ 

^/KOSftm-§-f»® J:^ J: o T jS® /iJSStlSlcSiS^tflJtfiS* 
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[0 13 5] ^^m<omw^^i>oFj:)Mmmm 

e^;o^^Tlft^J■fs„ Ell 7(4. :i?:mm(omm<Dmm8 
(c:^>5 0FDMji<fs?e<om-^a'»*ij^iH]iSi 3 1 0(Z) 

1 6«7>>^P s'iJ'igiriattS^ilBfiilSllJlEieSl 9 0 1 Sr« 

[0 13 6] :L(Oi.b\cnmM.^^mV^-&\^(r>^-f=f-^^ 

[0137] /£*3, *:jiiferojKfl8-e{4. m-^iS.if*ij;eiHi 

SSl 3 1 0 ic*5tt.5Kfii:2 0 1 0S.t;^llfit2 0 0 8(4-?: 

tt^'ixi oT-t. mwch^ o^*>hmm<Di'oi:migix 

#5 J; 9{-LTt^v\ #1^62 008, 201 

[0138] (.mm(Dmm9) :^mm(Dmm^mzoF 

DMiiffi^Saii, S;*:6<]l:^(4EI 1 0(c^-r$?BtPHII«3 
«^**L, *fc(t-§-Se*iJ«liIBSl 3 1 0«, SjIcW 

Ciiai 6(r^-riHllfSi:l^1t<^«^SrWL. <t-^fpfff*iJ^ 

HL. g•t^y9"^^/^^0S♦i^«^fc(t•C/£<, B^gSf-T' 

So 

[0 13 91 WT, **llro}K«glc:^SOFDMiHtiS 

eciovN-rtftB^-rSo lai 8(4. :^^mcomm<nr^m9 

|C^SOFDMii{t§g®(Om-^p"pHflJ3eiHl8Sl 3 1 0(7) 

1 eoyn s';}'ia(C*3Jt5«tSffiSttlilHlBSl 9 0 1 

ti^ft5)'feSV>(4E3?^5>(^^(^^*Iffl»ffllHlE§(-®#tft 

•?tb<7):/ci 3'^'Oi(jm4IIJ£(OJgffi7 i:|15«lt?fe5. 

^■t^t^i^. mm(omm7{:zit^x. j^*}mmA<^in 
[0 14 0] z(DXoic^m^ii^^m-^m.<D^^=^^^- 
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(0 14 11 *^Jffico?i^ffi-e(i, jf-^fpSW^lHi 
3 1 0j::*3(t5PBffi2 i 0 ostJ^BBfiSa i o gtt't 

^Si^twLTt^V^ #Blffl2 10 0. 2 10 

[0 14 2] mmnwrni 0) i?iMm<Drm\:i%ho w 

FDMilftSI^I*, S:2|s:6<j(:i(iia 1 Oici^-r^Btl^lS 
»1#^^*L, m^SKflJ^SlElgS 1 3 1 Oro«t#lJ^ffit 

t ffl V ^ S «)J1 jSISjC&^«l«»ap S: ^ ?3 tc IfilJi $ 5 1 
[0 14 31 tAT> **tte<75fl^flgl-'e^SOFDMiift$^ 

gt;iov>-cifti^-t--5„ iai9(*, ^mm<omm<r)mmi 20 

0tJ:«5OFDMiiftSSB»ft#fpK2|^J^IilKi a i o 

[0144] ^fpWflJ^lsISS 1 3 1 0 m^mtC^^ 

X'h^o m-^faKflJ^lHlSS 1 3 1 OlZAtj^tlfzJ^i^^ 

JS^JS^ffifi, ^ffifit^WlHl8S2 2 0 1 tctii>T, H^-y 
-To 

[0 14 51 wm^Mcmmim^. m.m^itmmiiim2 

2 0 4 i:iiMSS2 2 0 2\Z?s.t>^tli), j1®SS2 2 0 2 

ottj;^)^, mtmntii?^2 2 0 4Rxj^mmm2 2 0 3-^ 

7<tl^tl?>o ^^k^»mS2 2 0 4-t?«, ffiUMSttllHl 

K2 2 0 i<Dm;'jt, mm^2 2 0 3(omtit. mmm 

2 2 0 2 (7)a:/3(Z) 3 0«ffi*-ffl V'T, *)@SLi-S 3 OWf" 

^mm2 2 0 5 tttmLtim. Simm-^&mmm^-fz 

[0 14 6] C©J; 5l-^KISlJ^^*fl^ffl[<^1^>^^^^ 
/^fe{ciS^Pg§f^^4^/^Srfflv^T, Si|iro^{l:^SriSifI*iJ 

[01471 'i:*?. *iiiswji0ti-e»i. m^&fsm^m 

8Sl 3 1 0 (:i*3tt5^{il:2 2 0 5{41 or-t,. ^tfcfc-S 
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Its iaffi2 2 O SrofitSr, >'^''5rs/ MS«9i^fo5V^«SIS 

[0148] {mm<omm 1 1 ) **j£wji^^(r«so 
F DMiiftiseiis m:^m\^ttmi o^zi^■rmwLtm1^ 

(om^^^i-. m-^shKm-^^^ 1 3 1 oosfw^ftt 

W-efoS, ^JSwjK^il OtcJt-iTlHlSS^amSrSiJ 

[0 14 9] Sir. ^mm<Dmmii^m^oFDMmmm 
e(^:o^^TIftBJ-rs<. 1112 Of*. ^^m<Dmm<ommi 

1 tw«SOFDMiimigSO«-^o"pKi|^IJ^lH]Kl 3 10 

[0 15 0] m-^ftic*ij^iHiK 1 3 1 oii, jiiffiigcij;^ 

fc5„ m-^p"oS*ij^|pigS 1 3 1 OlcA;':$ix:fc;iiK^f£:; 

^m^mn. m;^ffi»i±iifiiBS 2 301 ic*5v^t, f-yg^ 
[0151] w-m^iv±m.t3m.n. ii:gi^{i;^^tB^2 

3 0 4 i:jiMSg2 3 0 2(c:A;^^n-5, ji]SSg2 3 0 2 
rom;'3fia{l:*l¥tH«2 3 0 4RXfmm^2 3 0 3--A 

;^$n-5o 3E{b^3ScU«2 3 0 4-eii, mtim.Wm^n 

2 3 0 i<Dmt)t. mm^ 2 3 0 3<Dmt}t. mm?^ 2 

3 0 2<Ottl;^)©3orofiIS:fflV>r. aJBg-TS 3 o<0-y-y . 

iS'--m;'3-f-?)o S<l:s^gt|±}§§2 3 0 4^r*3^^r, 
m.timitm^. m^^m-r^:itX'mm-r^xoic\^x 

[0 15 2] c©J; 

ji-m'mmm'^^^-^\^^m\'^x . mtKomtm^^mn 

)t£:^*fl^<gSrS«^t?tSfc«), JSISi«ct£:««l3£filSS:l*] 
±$-a:5r i:*st?§^S= IlliiOJI^ffi 1 0 Iclt-^T 

[0 15 3] 3|c||j|gcD?i^flg-C'(i, -ft#fpK*ij;tlII 

SSl 3 1 0»w*3ttSKfit2 3 0 5ttlo-et, ffl^fcS 

5*>d='P>FfM©loS:Stli-CtSJ;5i-UTt>giV\ * 
Ifc, Iiffi2 3 0 5roffi*. /■'-^r-;/ h^i9^fe5VMiiaife 

[0154] (mm<r>mm i 2 > 3)£^jE(Dji?tsi-'^s o 
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<^fl!figSr*L. ffi-^fpftW^lElK 1 3 1 0(D^m^m.t 

[0 15 5] :^mm<ommiz.^^oFr>Mmism 

2 1Cff.-50FDM3l{t$l«CDm-^D"pg*IJ^lHlgSl 3 10 

[0156] iE'^AWPi^rnvs 1 3 1 0 tt. mf&Wcm^ 

[0 1 5 7j m-^n^pHW^mss 1 3 1 oizAt) intern 
^nai^ mmm) a. m\::m»m^2 4 0 3 tmmm2 20 
4 0 1 i;iA;'3$tiS, iS]SS&2 4 0 1 <n^^•h\•i.^*^^% 

ttJ|g2 4 0 3RU5il3S^2 4 0 2--A;'j$nS„ ^{li^P 
Wl±lSg2 4 0 3T-(i. |5]^a^:9-<^Sg*He. jISS2 4 0 
X'Bi.nMM.^'i. 4 0 2Ul;^co3owtt5rfflV^5Ci:(cJ; 

JliK■^^)3ooi^::/dE^■vyTW•^collts^^>®^g||i 
^fb^^^ttlb, $ e>t3St(±lLfc^S*SrlHB2 4 0 4 t 

[0 15 8] iHi^mtr. itjsfig^)- mmm) 
m^2 4 0 7 i:ii®^2 4 0 5iwA;'3^n€)„ mm^2 

4 0 5m:;'3(i^{k^3gLttl^2 4 0 7RUmm^2 4 0 6 
'^A;^$ti.S. gEfk;s^l!ttilS2 4 0 m.^^^<r> 

S:ra«2 4 0 4 titlSJLfc^, Smf§#iS.IC<«»Sr-fe^ 

^'-ttl;'3-r5„ ^jli^»aSg2 4 0 7(C*3V^ 

[0 15 9] |3)tgfiK5)-St;5K5E^i)-(73^jS 
m« Sr rS] ± ^ -fr s r t T? # s « 

[0160] :^mm<DmmiX(^^ ^s-^p^aK^t^ij^iii 
Ki 3 1 olz)3^•fzmm.2 4 0 4«io-e'b, aisfcs 

o-tbt^(bmm(oio^m^x%^xoi,zLxh0i^\ * 
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[0 16 1] (mm(Dmmi 3) ^mm(r)mmicm^o 
<o«^iKSr*-u. m^&^m^mm a i orott*ij«ffl[t. 

[0 16 2] JiAT, *^JS(0Jl^lil-^'5OFDMiim$S 

3(ci^soFDMiim$se<75m-^p"pic¥ij3£iHi»si 310 

[0 16 3] {t-^p"pKfiJ^lHl8S 1 3 1 0(*. J^iK^Jj;^ 
^ + ^>'WtSI?IS-f-:7'^-\'^^/'K0 3ffiS:ffiV^T. {4tB^ 

fk^srSttbL, nmLitiSLmmitmi:m\<^x^mm^-& 
[0 16 4] m-^p"pK*ij^iHiBS 1 3 1 oizp^t)^tiitm 

|HIK2 5 0 l^cA:^)$i^. t a n"^ (Q/ i ) SrlSttl-r 

2)o »ta$ti:t{4taffi(i. ^fbs^5?W^2 5 O 4 tilJi 
^2 5 0 2t::A;^$nSo aaSS2 4 o 2 ©liij^itt^lb 

^^tllS2 5 0 4RX/mm^2 5 0 S'^Aj^^iXSo ^ 
{k^»ttlSi2 5 0 4-^?«, <Sffllf|illHll&W;^, iSffi«2 

5 O 2St>'jlJifSl2 5 O 3C0ta;'3CD3O(DfifSrfflV^Sr 

tizx'o. mm.-ri> 3 ■o(0'\^y vrmxtDiiL^mt 

m^M-mL., $^tc^lJtlLfcS$m?rliffi24 0 5 i:Jt® 

[0 16 5] c:K)J;5t-> ei«-r5f^Y^»'i'raT'(Ottffi 
9^ -r ^vi' i: ^Mb L -C V ^ ;& f- y ^ Sr^ttJ^T' # 5 7t 

[0166] f£is. :^mm(om^v^^. it-^s.'^m^m 

8Sl 3 1 0(Ct3tt'5Kfil2 5 0 5(ilot?t>, 
P*>;5^^R>Ta<?5lo^il$^-C-#SJ;5tcL-Ct,AV\ * 
@Hii:2 5 0 5<D<ii^. s/ MSIJSjSfcSVNd^ft 

[0167] (^Jffiroji^flg 1 4 ) 3|s:^ffi(DJg^lC'0^S O 

FDMiifs^sci, m^i^ia-imi oiCT^i-mWitmm 

<Z)«^4:^L. 4fcm-§-fo®*IJ3£IeIKl 3 1 Oil. 

WtcEl 5(C;^-riHlg§i:l^fi|(7)«¥fi)tSr^L. {f-f-foKW 

fplCtcio-CiSej^iJajK^fS^IS^ffiSrjS^^rSo Cw 
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[0 16 8] ^T. ■^■mm(r>w^m\-^^^^oFDMmmm 

4 O F DMiim$im<^m-§-D"nK*j;Slil8S 13 10 

[0 16 9] IS) 2 3^-*3^^T^4, lai scD^a ^'lao lo 

!|2lJ^|lllf§ 1 8 O 2co|U;f)t*lJ:^|llSSl 8 O 5(Dmt>^K 

;^^-rsfsaaiii8S2 6 0 6S:ta:itfc«^^$go. urn 

^<7)«^SrS-rSfIft#iafHW*R2r-fe ^--l±l;^•r 
[0 17 0] coj; 9^-i^&i6:i^;¥^iS«<^■!^:^^•Y^ 

y -t^ /^S *iS '^e i!cf£;#*i^fii ^ jS*^ x- # s 

[0 17 11 :^mm<7>Mmx'i:x. m-^&nm^^ 

1^1 3 1 0lc:*J{t5l8fit2 6 0 3filoT-t, «^*>5 

5*)A^<bifM(OloS:)S^r*#^)J;9{cLTt,Si'\ * 
tz. E§tt2 6 0 3rofit^, /N'^Jry h^O^fcSV^Jlli^ 

[0 17 2] (mmff^mmi 5) :i?:mm<Dmmi'^^o 30 

[0 17 3] J!y.T, *ltlfe«fl?»f-^SOFDMiiff$g 

®^co^^Tlfteg■r€)o ia2 4n, :^^m<omm<oif^Wii 40 

5i::'eS5 0FDMiift$Se©«[li&1l!^S:^i-ilS8:^n 

iS'El-CfoSo 'i*?, fffclc^Px.fc¥*9ffi»WS2 7 1 2 

w©jpi!9fe^ajss2 7 1 2(Dtii;^)■x?foss:^tm■^la 
5m-§-ifi.®*ij:eiiiK2 7 1 oski^(om^ttmm(omm4 
m-^D"pe:*ij3eiHig&2 710, qzi^fit©tti«2 7 1 2(^0 

[0174] 132 5 (i, mW^2 7 O S <D\titlXi>i,m 
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*ij^^tT^<<:5m#p"DK¥ij^iHiB§2 7 1 o<Dm.n,mf&^m 

f^^^/KOMi|iiffiSrfflV>fc^t-^D"DKJ|«IJ3£[EllS2 7 1 OJC 
[0 17 5] «-^D'J.«¥lJ^|Hlli§ 2 7 1 0\ZXf}^in,1tn 

iKifc/^;^«^fie(S. fia*iaSLmiHigS2 8 0 1 (c*3VNT#f- 

r-c. I mm) , q«E32^5^ (j^sb) sr 

^•fo ^W^ttfc^iUfflfi. *IJ^a§2 8 0 2 tC*3V^-C, 

iifi:2 8 0 4<Dffi titles tt, xtim^<D^'f^^^^- 

/^WMW.*^m^2 8 0 4 J; •9:'ctV'>*vh$V%;!i»S:^f ft 

■^;js-few^^2 7 1 i^ttj;:'3$tL-5« JiJiB, JtlJCifflv 

i,mmt.. ¥*SfitSt±ilHlSS 2 7 1 2 J; O 5:4xSS<t 
{t-§-p"pKcDJpJ^fi:i::J; i9^tJ#i3S-feU^^ 2 8 0 3-X? 
«^fflE$^^^t^s!i^ii:2 8 0 4©5'^ioSrS«?i-«)o * 

[0 17 6] i®J;e)(cil«i^^£:^^fl3efttco^^y^^^ 

jv%(nmmm.i:Mm^^> if^j^^w-mit l ^ o'i it « 

Sr |6] ± * -B: 5 c: t ;is -C 1 5 o 
[0 17 71 i8,®*iJ3£lwfflV^Sfc«)«>ih>'^^ y 

BS2 7 1 0JC*3»t5raffi2 8 0 4roffiSr. ''■'-irs' hlSO 
[0178] (IIJiE(^Ji^flg 1 6) 3|s:^JScD^^lc^5 0 

scticitj, '^•^y^^^^^juco^mm^&mzxox 

[0 17 91 E^T, *^lfe<0Jg«g|Ct?5OFDMjim$g 
6(C'llSOFDMii<t$gaofi[IS&fl¥fi)cSr*-rS^f|5:/D y 

[0 18 01 ig5g*»«2 9 o 5icj:»)»wsnytei» 

ifS<oiijs^fJF^«^fit«> ^^-/w^ y :/^«iaiH]ifS2 9 
0 6&t;««-^<PpKfij^[Hif&2 9 1 o-^xt)^fy.^o m-^ 

■PpiCiNij^iiii^ 2 9 1 ott^m(Dmm4i)^hm:m<omm\ 

5 4t?K)V^-r4xO«BgSrggo-C'bJ;< . JljS*:iS«:«l3t 

MA^bi^-:/*^ y TfeK>^mm-^fpSts«¥ij^*s«^7 

-^/W^']®«|HISSS2 9 O 8'^ttl;^-r5<, -7 ^ /V'f'mViM'^ 
29 08-Ctt. A;^l$<^fclal^^»«4^J«ife«S^S{i7^■ 

y :yi^mm'm^2 9 0 exn^^m^^y y 
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L, 7 /l'^' y V^'JQ.aiilK 2 9 0 6 '-•ffi;^3i-S. 

[0 1 8 1 1 y ^ji'^ ^) i^'^vmm^2 9 o er-d, y 
^/U^^W[H]8S2 9 0 8 x.y)xt}^n^fzy ■< 

xBmm<7:>m^m.it^^y -(^^^ V ^yi^. mi&^ns-^ 

(4. |g9(7>DFT7^/P:J'SrfflV^fc:7>C>'W^ y 

mis 2 9 0 6 i: , y>( /u^ma^B 2 9 O a WfilfigSr:^* 

10 18 2] m-^iB.S*IJ«lHl8S 2910 (H 2 6 #fl8) 

tc. D F T 7 /K? T-fflV^S^»:Sg#>^€rftjl^i^l^(;i 

'i«»<^m^-&-arS:7 ^u^m^M^ 2 9 O S ± *) s 

t dJ; "9. y Vi/*!iaiHl8S2 9 0 6(;i 

[01831 z<Di:oiz. i^m»ft^mm'&mff>-^y^^^ 
f£y'{j^^^i:m¥i-r?>zt\zx'o. mi&^it^f^iz^-^ti 

[0184] ^C*3. ffl-^ift«*lj5£|liS§ 2910 ;c*5(tS 

[0185] 1 7 ) ■^■mm.nMm^cm^^o 

FDMiimS^Btt, EI2 6iC^i-^ai:l^<t(Olt^^^ 
7^/1-^ y >^^«!faiHl8S2 9 0 6 Srlll2 8(::^-rfll 

i:r>xmmtiy i:m^\.. A^-oy ^ /i-^^mi-a^ 

[0 18 6] JJIT. *:|IJfeC0?i^^(-#-<5OFDMaiftSg 
«^;l■0^^-CgftPJ-r'5„ 1212 8(4. 3^^BJ(O^J£(Dfl^^ 1 

7ic^soFDMjifts^®co7-f/u^' y :/^*asiHisS2 

t»«*ffl^^-C. 7^/W:5'^JilllBS2 9 0 8(;ij;i), 7 

/u^' y >:/*0!SIsISS2 9 0 eo^V^ M^i^:^^' 3 1 0 40 

5 jii^e, 3 1 O 9 h«:Sr^n^nSS^-rSo ^ U 

^S^Lfc-^V h W'v^;^^' 3 10 5 3 10 9(0-> 
7 vmi:y ■< J^^«iMm^2 9 0 6'^A:^i--5o 
[0 18 7] /l'^«iaiHlSS2 9 0 6-Ctt> ATl^tl 

-C, -^y' S U-v=;^^ 3 1 O 57!i^b->7 M^v^;:^^ 3 1 0 
9t;::*5V>-c. Jl&^J£;;^jt^ttA;'3 1 ^ilMSI 3 i o 
1. 3102, 3103, 3 1 0 4j!i»ferom^l-*f L 
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p>^jdSlS3 1 1 3(j:J:t)5!ipaf $ix5sii:t;iJ;»), 
[0 18 8] jg&^f£:;#lt>effico-y-y^-^ 
(j:-!>->'dr^yrfeoSft«#fpfrtil«S:»WU, S^tiUU 

t£:;^g:(i^*n-5$t^fig^^?a:^6<j(-is®-r ^ c t ii^x^ 

tgir^iS. /j:*J, 7w>'W^*!iaiElBg2 9 O 6*s^»S8S& 
9 0 8;i^ St^^^^^«-y-:/f"-y^v^cDSmm-^fpK^t 

[0189] 1 8 ) :i^mM<ommz%^o 

FDMiift^B(4> m 0(-^-r$IB±:P^<7)fi9fiK<^* 

L, fffc(cm-^aKiHissrotii;^i-efcsg«m-^ia Kit # 

[0 19 0] 112 9(4, *:^PJCD^J£(DJg^l 8(;i^5 
OFDMiift3SB<^«l«S«^*S:^-ril«fl57'o s/^'E-Cfe 
■So /I'^J' y >^MaiHl8S3 2 0 6, ft-^fp«*lj!£lHl 

gS3 2 1 oRtj57-f /p^ii*^iii8S3 2 1 2ti.mM<omm 

fT5o 'ft-^p''p|r*IJ^IlllS 3 2 1 0-C(4«^^3S«3 2 0 

5oiu;^)r'fos;^ft^tj;^lt5effl^f-y^-v y TStr, 

mmtLxoiti-r^o 7^/u^iis?[HiBS3 2 1 2-^14, 
m-^fpS^j^mss 3 2 1 oA^hmtt^ti^^inm-^&K 

^tUL, y >-:J^*aaieI8S3 2 0 6 ic:A;^-r-5. 

^^■/w^y i'^^saaiHiKs 2 0 6-c(4, y^A'^m^im 
ma 21 2xm&^titcy ^ ji'^ i:m\>^xmmmjt^m 

!£ffl[?ij*7>cyw^ y i^'^i^L, •feU^'^'3 2 1 1 '-.fflj^i" 

So 

( 0 1 9 1 1 -fe i^^' 3 2 .1 1 14, m-^iaffl:*ij;eiaiiisw 

tixk^. ^zf^^ V r»<oS«m-^fp«1W«SrSi::, 

^ cJ' tea $ te 5 V M4 7 -r /u 4? L 

[0 19 2] c<DJ:5{c, j^j!6IS:fj;«:«i;efiS<o-!^7'^+ 
^/uftroSilitt, f4ta^j:i^<oS««-^fp|fm$a 
y Tfe(7)smm-^p"p«t»fR*wtu l, w 
m L3t§:mm-^fpint«i-S':5vN-c7 /u^'saaica® 

«S^J^;;g:|c-^*nS$tW^:»-«r5a»6<j(;Hg;igi-S r i: ;is 
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[0 19 3] m^-^amm^mms 2 1 0(C*3ttS 

[0194] 

mmm^n^j: o:it\z.x^. Gm^(om^^fz^^m'^^ jo 

[mi] *^PJ(7)^JfeCD?i^^HC^^€)OFDMam3S« 

(b) ^pj*ti$i^^5> 

( e ) i&mmm^mm(om^mmy'^ vt^ /i^ts^fi 

( f ) JS^tt?i^*a^^cop0$31M:/a r >f /^ffi^M 
[1^3] ^ifecD?!^^U::*5VNT. JS?i^S^^SSl5{:iF I 30 

[13 4] ^j£(7)?i^^i tcjsv>'r. m&mr^^m^\ ir 

[|gl5j ;$:^PJ(^^iSc;o?i^^2tc:>^5 0FDMam3Se 

[08] *«§gcoiiffi(D?^^3i::«gsoFDMamsie 

[0 9] I118t;i*i-j6?i^lEfl^toaSf|50l«^Sr^-rsilFBy 
[Eliol *«PJ<^)^JSo?gflg4{;i>ff.SOFDMiimig 

[mill *:^0J(D^ife(7)fl^^4lC>^.5OFDMil{t$^ 
[0 1 2 1 El 1 0 <^l^»«ljSLlHl8SF^o-lr \^^^(n>miSL^ 
[013] Ell 2C0-feU:^^^|^cO>^>r ^;/^Ofl|^^7j^i- 5^? 
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[014] *^0>^(;O^JEc^?i^<!i5(C>(^5OFDMillt§3g 

[lai 5] *:«P^co||JS(D?gfie6(C^SOFDMiim$g 
fiom-^aS4^J^[ElK<7)iaiilSfl}^Sr^t-S«FP:/n y^m 

[Ell 6] *:^P^(7)^JS(D?1^fli7{c:1^^0FDMiim3g 
Bom-^p^nH^JJ^lHlSSoMiii&lt^Sr^-rSlHSyn ^^^J^jgl 
[Ell 7] *:5S0Jt^*Jteofl^^8t::^6OFDMaffi$l 

H(^m-^iBir*ij;£[Hite(^>«ii&«i^^^-rs«Fi5>^p ivij^Ei 

[Ell 8] :z|s:^PJcD||JSO?i^^9 {;i>PS^OF DMiiltiS 
[El 1 9] *«?^CD|IJES<^?l^ffil Otil^SOFDMiift 
E! 

[EI2 0] >^mm<Dmm(DMmi i(c^.>5 0FDMiiff 

El 

[E12 1 ] :^mm<omm<Dmmi 2{C'^^oFDMiift 

3gg<^)m-^D"pHfiJ^[llIfScO«BS1t^S:^-rS?F15>^n :y 
El 

[E12 2] y^mm(Dmm<Dmmi 3S;i«gSOFDMiim 

m 

[EI2 31 *:«BJ(D||JS(^?|^«il 4(C«SOFDMiam 
El 

[E12 4 1 *^§^(D^lf£(D?i^fi8l 5(;iff.^OFDMii{t 
ISflco«l[lilS«^S:^-r®«FI5>^n 3/^ El 
[EI2 5] *:«W(7)^MlO?i^ffil Sd^SOFDMiift 

El 

[E12 61 2|c«PJco||J£(7)ffi5lil ei^l^SOFDMiiff 
[B12 7 1 1 6 tC>P?>^OFDMiim 

D 5/^5^ El 

[EI2 81 *^P^C0||jS£O?i^Sl 7l;i>PS6 0FDMii{f 

[EI2 9J :^mm(omm(ommii sKm^oFDumm 
mm(ommmfiiii:7jk'rsMy'^ y^m 
[El 3 0 ] ^^^(DO F DM«sssggompisfi?^4:*-rsi 

iHSyn ^>^:^'E1 

[EI3 11 B13 0(;i*5tt6e«KiS5[:7^7U^^^KScD«J 
^^^-r^n s/>5rEl 

[EI3 2] OFDM^t-^<7)/^'>t' n !y hm-^-idSfi^JSr^^i" 
m^EI 

[i^#-COlft§g] 

101. 1301. 2701. 2901. 3201 A 
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1 0 2. 1 3 0 2. 2 7 0 2. 2 9 0 2. 3 2 0 2 M 

103. 1303. 2703. 2903. 3203 m 

1 04. 1 3 04. 2 7 0 4. 3 2 1 1 -feU^^^ 
105. 108. 1305. 1308. 2705. 27 
08. 2905. 2908. 3205. 3208 MM 

1 0 6. 1 3 0 6. 2 7 0 6. 2 9 0 6. 3 2 0 6 y 
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1 0 7. 1 3 0 7. 2 7 0 7. 2 9 0 7. 3 2 0 7 U 

10 9 ejSKi£:7>f yUiJ^^^S^ 

1309. 2709. 2909. 3209 B^'^W^y 

1310. 2710. 2910. 3210 m^&Wn 

1311.2711. 3211 -^U^^ 

2 7 12 ^i$;ffi©tU« 

JO 2908. 3212 y^y\^^mi^^i& 
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101 IQ2 




[11121 

(b) mmmatoti^ 




(c> S«2:ffHtza!**'§ 




(d) 7^*^o^nwi 



(e) 74m>9'Mkmm<o 
mar in74k 



if) mmmmAit 
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501 
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B01 
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3on 



aOI FIRT^^Irt? 



[1214] 
4012 106 4011 




401 iiR7>r;w^ 



[me] 



601 



^4 



F.U) 



SOS 606 



HHi{»)h*00- 601 602 605 606 
H^wHg- 601 602Ljg)]-.(j5l*<J§l«[g)]J jpj M6 [-•©HSO-' 



605 607 



602 



107] 



[Hg] 




801 



[Hi 4] 



1310 



Ml 




90S 


OFT 


• 


IDFT 
(IFFT) 


(FFT) 









9^2 



1 U 



1310 



! 17p2 I 

! 17M t I 

i ^1 



I i4pi ^Apz I 

i 'W' 
i [m 
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1 0] 



i3oe ; 
*^ h^' 




I 1 2] 



[IS 1 3 ] 



1311 



ia>i 



Ira 



sSTM" 



1311 



y^ji^^m^tiit I ISP"* 



1 5] 



1310 




I IgM 1805 



[mi 91 





[ia 1 71 




[His] 
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12 0] 




mum. 



12 1] 



24pi 2402 




24p 5 24p 6 I 2 4p7 



infi 



[02 7] 



3001 



3003 



DFT 
(FFT) 



IDFT 
(IFFO 
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m2 3] 




[ISI2 4] 




[1^2 5] 



[1113 1] 



noi 



100S 

csf 

1103 



!C<n) 



2710 



2801 2802 
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12 61 



2y i 

Mr«4 — H Am F » 



23Q22 

2805 * Z ^ 



2909 



2908 



2007 



2908 



010 



[1112 8] 




13 0] 
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[g)2 9] 




matt 



3210 



[H3 2] 



